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2 LITERATURE REVIEW 35 
Budget constraints in SC experiments 36 
The empirical measurement of VTT is inextricably linked to the theories of time allocation in 37 
economics as they provide justification for the VTT concept. By implementing the time 38 
allocation framework developed by DeSerpa (5) in the empirical random utility model (RUM) 39 
within the discrete choice setting, the VTT can be estimated as the marginal rate of substitution 40 
between travel time and cost in the conditional indirect utility function that is linear in income. 41 
As the utility which appears in the empirical models is the indirect utility, which is a result from 42 
decisions about consumption that is subject to both money and time budget constraints, the 43 
budget constraints are implicitly accounted for within the discrete choice models in principle. In 44 
practice, however, such budget constraints are not observed. This implies that researchers might 45 
present unfeasible alternatives to respondents in the SC experiment and thus introduce bias when 46 
unfeasible alternatives are modelled with non-zero choice probabilities. This problem is 47 
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particularly apparent within the SC context due to its hypothetical setting while in revealed 1 
preference data, the chosen alternatives observed should be within budget unless irrational 2 
decisions are made. It is hypothesized in this study that money and time budget constraints are 3 
latent by nature as suggested by Ahmed and Stopher (6) and hence it is inevitable that some 4 
attribute levels set out by researchers in the SC experiment might exceed VRPHUHVSRQGHQWV¶ 5 
budget constraints.  6 
 7 
Potential bias due to budget constraint 8 
The potential bias due to model misspecifications for ignoring the impact of budget constraints 9 
on the availabilities of alternatives was identified soon after the development of the discrete 10 
choice modelling framework (7). Since then many studies had provided evidence that suggests 11 
ignoring the impact of travel (or budget) constraints may lead to biased estimation. Amongst 12 
these studies, Cantillo and Ortúzar (8) and Li, Adamowicz and Swait (9) estimated the 13 
misspecified models which also allow for random taste heterogeneity. Cantillo and Ortúzar (8) 14 
found seriously biased estimates for VTT valuation in the presence of random attribute 15 
thresholds and concluded that the MMNL model is not capable of capturing the non-16 
compensatory behaviour. Li, Adamowicz and Swait (9) assumed fixed tastes in simulated data 17 
but found welfare measures that are biased even when choice set formation is purposefully 18 
treated as taste heterogeneity in random parameter logit models. However, none of the above 19 
have pinpointed the direct confounding issue between the taste heterogeneity and the attribute 20 
thresholds. As such, this study aims to fill this research gap by allowing for random VTT that 21 
vary across a simulated population to test the impacts on misspecified models. While our main 22 
focus is on the impact of retrieving heterogeneity, it should be clear that bias can also arise in 23 
fixed coefficients models. 24 
 25 
Implications of budget constraints on choice set modelling tools 26 
It is anticipated that examination of the potential confounding impacts on taste heterogeneity 27 
findings due to unaccounted budget constraint effects could provide valuable insights into the 28 
performance of existing choice set formation models. A full two-stage probabilistic choice set 29 
model (1; 3) includes modelling a first stage non-compensatory decision-making process in 30 
which travellers restrict their decisions to a particular subset of a full choice set in order to 31 
conform to their travel budget constraints. This is followed by a compensatory second stage 32 
where utilities are maximized within each subset of choice set. We hypothesize that if taste 33 
heterogeneity is indeed confounded with the budget constraint effect during the choice set 34 
generation stage, then it could also lead to bias in the choice evaluation stage. It is also 35 
anticipated that such issues also applies to the single-stage constrained choice set models for 36 
approximation of the constrained choice sets (2; 10).  37 
 38 
3 EMPIRICAL SETUP 39 
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ZLWKHDFKRIWKHRULJLQDOFKRLFHWDVNVXVHGWZLFH 23 
 24 
*HQHUDWLRQRIFKRLFHV 25 
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FKRRVLQJDOWHUQDWLYH݅LQFKRLFHWDVNݐDVEHLQJGHFRPSRVHGLQWRDQREVHUYHGFRPSRQHQW ௜ܸǡ௡ǡ௧27 
DQGDUDQGRPFRPSRQHQWߝ௜ǡ௡ǡ௧7KHREVHUYHGFRPSRQHQWRIWKHXWLOLW\RIWKHWLPHDQGFRVWWUDGH28 
RIIVFDQVLPSO\EHZULWWHQDV 29 
 30 
 ௜ܸǡ௡ǡ௧ ൌ ߚ௧ ௜ܶǡ௡ǡ௧ ൅ ߚ௖ܥ௜ǡ௡ǡ௧ 31 
 32 
ZKHUH 7 LV WKH WLPH DWWULEXWH DQG & LV WKH FRVW DWWULEXWH ZKLOHߚ௧DQGߚ௖UHIHU WR WKH PDUJLQDO33 XWLOLWLHVRIWLPHDQGFRVWUHVSHFWLYHO\ 34 
 )RXU FRPELQDWLRQV RI VSHFLILFDWLRQV IRU WLPH VHQVLWLYLWLHV DQG WLPH EXGJHW YDULDWLRQV35 
DFURVVVLPXODWHGSRSXODWLRQDUHVHWRXWWRJHQHUDWHFKRLFHVLQWKLVVWXG\ZKLOHFRVWFRHIILFLHQWVDUH36 
DOZD\V NHSW IL[HG DQG OLQHDU 0HDQ WLPH DQG FRVW FRHIILFLHQWV DUH VHW DV  DQG 37 
UHVSHFWLYHO\WKXVUHVXOWLQJLQD³WUXH´PHDQ977RIKUDFURVVWKHVLPXODWHGSRSXODWLRQ7KH38 
IRXUFRPELQDWLRQVXVHGDUHDVIROORZV 39 
 40 
x Fixed time budget 41 
o Set A ± Fixed and linear time sensitivities of -0.075 42 
o Set B ± Negative lognormally distributed time sensitivities with an arithmetic mean 43 
of -0.075 and standard deviation of 0.038 44 
x Mixed time budget 45 
o Set C ± Fixed and linear time sensitivities of -0.075 46 
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o Set D ± Negative lognormally distributed time sensitivities with an arithmetic mean 1 
of -0.075 and standard deviation of 0.038 2 
7ZRVHWVRIWLPHEXGJHWVDUHWHVWHGLQWKLVVWXG\7KHIL[HGEXGJHWDVVXPSWLRQDVLQVHWV$3 
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HJWLPHEXGJHWFRQVWUDLQWVRIPLQXWHVDQG16 
PLQXWHVSHUFHLYHGE\KDOIRIWKHUHVSRQGHQWVUHVSHFWLYHO\7KHREMHFWLYHRIWKLVH[HUFLVHLVWR17 
H[DPLQHZKHWKHUIXUWKHUFRQIRXQGLQJRISUHIHUHQFHKHWHURJHQHLW\ZRXOGRFFXUZKHQEXGJHW18 
WKUHVKROGVDUHQRWIL[HGDPRQJVWLQGLYLGXDOV,QWKHXQELDVHGVFHQDULRVZKHUHWKHDYDLODELOLWLHVRI19 
DOWHUQDWLYHVVXEMHFWWRWKHEXGJHWFRQVWUDLQWVDUHNQRZQWRDQDO\VWDOOWUXHYDOXHVDVVXPHGLQWKH20 
GDWDJHQHUDWLQJSURFHVV977RIKUPHDQWLPHVHQVLWLYLW\RIDQGFRVWVHQVLWLYLW\RI21 
DUHUHWULHYHG&DQG'LQ7DEOH 22 
 23 
%LDVHGHVWLPDWHVZKHQWKHDYDLODELOLWLHVRIDOWHUQDWLYHVDUHXQNQRZQ 24 
6LPLODUWRWKHILQGLQJVIURPVFHQDULRVZKHUHIL[HGWLPHEXGJHWVDUHDVVXPHGDPRQJVW25 
LQGLYLGXDOVWKHELDVHGPRGHOVRYHUHVWLPDWHWLPHVHQVLWLYLWLHVZKHQWKHPL[HGWLPHEXGJHW26 
FRQVWUDLQWVDUHVWULQJHQW,QWKHPRVWUHVWULFWLYHVFHQDULRZKHUHKDOIRIWKHUHVSRQGHQWVSHUFHLYH27 
WKHWLPHFRQVWUDLQWVWREHHLWKHUPLQXWHVRUPLQXWHVWLPHVHQVLWLYLW\LVRYHUHVWLPDWHGE\28 
IURPWR&YV&LQ7DEOH$SDUWIURPWKHLQIODWHGWLPHVHQVLWLYLWLHV29 
GXHWRXQDFFRXQWHGWLPHEXGJHWFRQVWUDLQWVZHDJDLQWHVWZKHWKHUWKH001/VSHFLILFDWLRQIRU30 
WKHPRGHOHVWLPDWLRQVZRXOGOHDGWRELDVHGUHVXOWV,QJHQHUDOPRGHOUHVXOWVVKRZWKDWWKH31 
PLVVSHFLILHG001/PRGHOV&SLFNXSSUHIHUHQFHKHWHURJHQHLW\WKDWGRHVQRWH[LVWLQWKHGDWD32 
JHQHUDWLQJSURFHVV,QWKHVFHQDULRZKHUHWKHPL[HGWLPHEXGJHWFRQVWUDLQWLVWKHPRVWVWULQJHQW33 
WKHPLVVSHFLILHG001/PRGHOHVWLPDWHVWKHVWDQGDUGGHYLDWLRQRIWKHWLPHVHQVLWLYLW\DW34 
ZLWKDWVWDWLVWLFWKDWLVVLJQLILFDQWDW7KLVSURYLGHVHYLGHQFHWKDWWKH001/PRGHOFRXOG35 
SRWHQWLDOO\PLVLQWHUSUHWWKHHIIHFWVRIPL[HGEXGJHWWKUHVKROGVDVSUHIHUHQFHKHWHURJHQHLW\,Q36 
RWKHUZRUGVGHVSLWHWKHIDFWWKDWDOOLQGLYLGXDOVVKDUHWKHVDPH977FKRLFHSUREDELOLWLHVIRUWKH37 
FKRVHQDOWHUQDWLYHVFRXOGVWLOOYDU\VLJQLILFDQWO\DFURVVWKHSRSXODWLRQDFFRUGLQJWRWKHPL[HG38 
EXGJHWWKUHVKROGVHWWLQJ 39 
7RSXWWKLVLVVXHLQWRFRQWH[WOHWXVDVVXPHDFDVHZKHUHDOOLQGLYLGXDOVDUHZLOOLQJWR40 
SD\WRVDYHPLQXWHVRIWUDYHOWLPHLHD977RIKU7KH\DUHWKHQDVNHGWRFKRRVH41 
EHWZHHQWKHIUHHDOWHUQDWLYHZKLFKUHTXLUHVPLQXWHVRIWUDYHOWLPHDQGWKHWROOHGDOWHUQDWLYH42 
ZKLFKFRVWVIRUDPLQXWHMRXUQH\6LQFHWKHWROOFKDUJHLVKLJKHUWKDQWKHZLOOLQJQHVVWR43 
SD\WRVDYHPLQXWHVRIWUDYHOWLPHIRUDOOLQGLYLGXDOVWKH\DUHOLNHO\WRFKRRVHWKHIUHH44 
DOWHUQDWLYHRYHUWKHWROOHGDOWHUQDWLYH1RZDVVXPHWKDWVRPHEXWQRWDOORIWKHVHUHVSRQGHQWVDUH45 
DOVRVXEMHFWWRDWLPHEXGJHWWKUHVKROGRIPLQXWHVWKHWROOHGDOWHUQDWLYHWKHQEHFRPHVWKH46 
RQO\DYDLODEOHRSWLRQGXHWRWKHEXGJHWFRQVWUDLQWVUDWKHUWKDQWKHIUHHDOWHUQDWLYHWKDWWKH\47 
7MLRQJ+HVV'HNNHUDQG2MHGD&DEUDO 
 
 
 
SUHIHU$VWKHWLPHEXGJHWYDULDWLRQVDPRQJVWLQGLYLGXDOVDUHXQREVHUYHGWKHFKRLFHPRGHOVWKXV1 
ZURQJO\DWWULEXWHVXFKHIIHFWVWRWKHGLIIHUHQFHVLQWDVWHKHWHURJHQHLW\DPRQJVWSRSXODWLRQ2 
LQVWHDG 3 
7KHGLIILFXOWLHVRIGLVWLQJXLVKLQJZKHWKHUWKHYDULDWLRQVLQFKRLFHSUREDELOLWLHVDUHGXH4 
WRSUHIHUHQFHKHWHURJHQHLW\RUGLIIHUHQFHVLQEXGJHWWKUHVKROGVDUHIXUWKHUFRPSOLFDWHGZKHQ5 
ERWKWKHEXGJHWWKUHVKROGVDQGWDVWHVYDU\DPRQJVWLQGLYLGXDOV2QRQHKDQGZHZRXOG6 
DQWLFLSDWHWKDWWKH001/PRGHOFRXOGQRWIXOO\FDSWXUHWKHSUHIHUHQFHKHWHURJHQHLW\DVVXPHGLQ7 
WKHVLPXODWHGGDWDVHWZKHQWKHWUDYHOEXGJHWFRQVWUDLQWVDUHDSSOLHGDVGHVFULEHGLQ6HFWLRQ8 
2QWKHRWKHUKDQGZHDOVRH[SHFWWKDWWKH001/PRGHOZRXOGZURQJO\DWWULEXWHWKHPL[HG9 
EXGJHWHIIHFWVDVWDVWHKHWHURJHQHLW\ZKHQWLPHEXGJHWVDUHYHU\VWULQJHQW$VWKHYDULDWLRQVRI10 
WLPHEXGJHWVDPRQJVWLQGLYLGXDOVDUHXQNQRZQWRWKHDQDO\VWWKHUHLVVXEVWDQWLDOULVNWKDW11 
PLVOHDGLQJILQGLQJVRIWDVWHKHWHURJHQHLW\FDQDOVREHDWWULEXWHGWRDPL[RIWKHVHWZRRSSRVLWH12 
HIIHFWV7KHPRGHOUHVXOWVDFURVVGLIIHUHQWOHYHOVRIVWULQJHQF\RIWLPHEXGJHWVIRUVLPXODWHGGDWD13 
ZKHUHUDQGRPWLPHVHQVLWLYLWLHVDQGPL[HGWLPHEXGJHWVDUHDVVXPHGDUHVKRZQLQ'LQ7DEOH14 
 15 
 16 
,1&/86,212)$1237287$/7(51$7,9( 17 
7KHLQFOXVLRQRIDQRSWRXWDOWHUQDWLYHRUVRPHWLPHVUHIHUUHGWRDVWKHµQRFKRLFH¶µQHLWKHU¶18 
µQRQHRIWKHVH¶RUµVWDWXVTXR¶DOWHUQDWLYHLQ6&VFHQDULRVKDVEHHQZLGHO\GLVFXVVHGLQWKHSDVW19 
,WKDVEHHQDUJXHGWKDWWKHLQFOXVLRQRIDQRSWRXWDOWHUQDWLYHLQFUHDVHVERWKWKHUHDOLVPRIWKH6&20 
FKRLFHWDVNVDQGWKHVWDWLVWLFDOHIILFLHQF\RIPRGHOHVWLPDWLRQVFI*LYHQWKH21 
DIRUHPHQWLRQHGULVNRIFRQIRXQGLQJLPSDFWVRQWKHWDVWHKHWHURJHQHLW\ILQGLQJVGXHWR22 
XQDFFRXQWHGEXGJHWFRQVWUDLQWHIIHFWVLWLVRXULQWHUHVWWRH[SORUHWKHHIIHFWLYHQHVVRIWKHRSWRXW23 
DOWHUQDWLYHWRUHGXFHWKHELDVDVVRFLDWHGZLWKEXGJHWFRQVWUDLQWVLQWKHYDOXDWLRQRI977 24 
0RGHOVSHFLILFDWLRQVLQFOXGLQJIL[HGWLPHEXGJHWWKUHVKROGVDQGQHJDWLYHORJQRUPDOO\25 
GLVWULEXWHGWLPHVHQVLWLYLWLHV%LQ7DEOHDUHUHWDLQHGDVWKHEDVLVIRUWKHQHZGDWDJHQHUDWLQJ26 
SURFHVVWRJHQHUDWHFKRLFHVIRUWKHVFHQDULRVWKDWLQFOXGHRSWRXWDOWHUQDWLYHV7KHXWLOLW\RIWKH27 
QHZRSWRXWDOWHUQDWLYHLVUHSUHVHQWHGE\DQDOWHUQDWLYHVSHFLILFFRQVWDQW$6&ZKHUHDYDOXHRI28 
LVDVVLJQHGWRWKHRSWRXWDOWHUQDWLYHWRUHSUHVHQWWKHGLVEHQHILWVIURPQRWEHLQJDEOHWR29 
WUDYHO7KLVUHVXOWVLQDSSUR[LPDWHO\RILQGLYLGXDOVFKRRVLQJWKHRSWRXWDOWHUQDWLYHLQWKH30 
XQFRQVWUDLQHGVFHQDULRZLWKDFKRLFHSUREDELOLW\RIDSSUR[LPDWHO\IRUDQ\RIWKHWZR31 
WUDYHODOWHUQDWLYHV7KLVVHWWLQJLPSOLHVWKDWWKHGLVXWLOLWLHVRIQRWWUDYHOOLQJDUHVOLJKWO\ODUJHU32 
WKDQWKHGLVXWLOLWLHVRIWKHWUDYHODOWHUQDWLYHVLQWKHXQFRQVWUDLQHGVLWXDWLRQHQVXULQJWKDWWKHRSW33 
RXWDOWHUQDWLYHLVQRWRYHUO\DWWUDFWLYHUHODWLYHWRWKHWZRWUDYHODOWHUQDWLYHV 34 
6LPLODUWRWKHXQELDVHGPRGHOUHVXOWVSUHVHQWHGHDUOLHUDOOWKHWUXHYDOXHVLQFOXGLQJWKH35 
DULWKPHWLFPHDQDQGVWDQGDUGGHYLDWLRQSDUDPHWHUVRIWKHWLPHFRHIILFLHQWVFRVWFRHIILFLHQWVDQG36 
WKH$6&YDOXHVRIIRUWKHRSWRXWDOWHUQDWLYHVDUHUHWULHYHGZKHQWKHDYDLODELOLWLHVRI37 
DOWHUQDWLYHVDUHNQRZQWRWKHDQDO\VW%LQ7DEOH:KHQWKHDYDLODELOLWLHVRIDOWHUQDWLYHVDUH38 
XQNQRZQWDVWHKHWHURJHQHLW\DVVXPHGLQWKHGDWDJHQHUDWLQJSURFHVVFDQQRWEHUHWULHYHGIXOO\39 
%LQ7DEOHEXWWKHOHYHORIELDVLVQRWDVVWURQJDVWKDWLQWKHELQDU\FKRLFHVH[DPLQHG40 
HDUOLHU:KHQWKHWLPHEXGJHWWKUHVKROGLVVHWWRPLQXWHVWKHDULWKPHWLFPHDQDQGVWDQGDUG41 
GHYLDWLRQRIWKHWLPHFRHIILFLHQWFKDQJHIURPDQGLQWKHXQFRQVWUDLQHGFDVHWR42 
DQGUHVSHFWLYHO\LQWKHPRGHOWKDWLQFOXGHVDQRSWRXWDOWHUQDWLYH7KLVLVFRPSDUHG43 
WRWKHDULWKPHWLFPHDQRIDQGDFRPSOHWHORVVRIWDVWHKHWHURJHQHLW\LQELQDU\FKRLFHV44 
ZLWKRXWDQRSWRXWDOWHUQDWLYH%LQ7DEOH,WLVQRWHGWKDWWKHFDSDELOLW\RIUHFRYHULQJWDVWH45 
KHWHURJHQHLW\XQGHUWKHSUHVHQFHRIWKHRSWRXWDOWHUQDWLYHZRXOGGHSHQGRQERWKWKH6&GHVLJQ46 
DQGWKHYDOXHRIWKH$6&DVVLJQHG7KH6&GHVLJQLPSOHPHQWHGLQWKLVVWXG\RQO\DOORZVRQHRXW47 
7MLRQJ+HVV'HNNHUDQG2MHGD&DEUDO 
 
 
 
RIWZRWUDYHODOWHUQDWLYHVWRH[FHHGWKHEXGJHWWKUHVKROGV7KLVVHWWLQJDOZD\VDOORZVUHVSRQGHQWV1 
WRFKRRVHEHWZHHQWKHRSWRXWDOWHUQDWLYHDQGDWOHDVWRQHRWKHUWUDYHODOWHUQDWLYHZKLFK2 
IDFLOLWDWHVWKHUHWULHYDORIWKHWUXHSUHIHUHQFHIURPWKHVHWUDGHRIIV,QSUDFWLFHWKHUHFRYHU\RI3 
VRPHWDVWHKHWHURJHQHLW\PLJKWEHVRPHZKDWOHVVHIIHFWLYHVLQFHWKHUHVSRQGHQWVFRXOGEHIRUFHG4 
WRFKRRVHWKHRSWRXWDOWHUQDWLYHRQO\ZKHQERWKWKHWUDYHODOWHUQDWLYHVSUHVHQWHGH[FHHGWKHLU5 
EXGJHWWKUHVKROGV,QVXPPDU\WKHLQFOXVLRQRIWKHRSWRXWDOWHUQDWLYHZRXOGSURYLGHPRUH6 
LQIRUPDWLRQWRWKHFKRLFHPRGHOWRH[SODLQWDVWHKHWHURJHQHLW\EXWFDQQRWIXOO\HOLPLQDWHWKH7 
FRQIRXQGLQJLVVXHZKHQWKHEXGJHWFRQVWUDLQWVDUHQRWDFFRXQWHGIRULQWKHFKRLFHPRGHO 8 
 9 
121/,1($5,7,(6 10 
Replication of parameters when the availabilities of alternatives are known 11 
7KLVVHFWLRQVZLWFKHVRXUIRFXVWRWKHLQFRUSRUDWLRQRIQRQOLQHDULWLHVLQWKHPRGHOVSHFLILFDWLRQV12 
WRFDSWXUHSRWHQWLDOEXGJHWFRQVWUDLQWHIIHFWV:HKDYHGHPRQVWUDWHGLQHDUOLHUVHFWLRQVWKDWWKH13 
FRQIRXQGLQJRIWDVWHKHWHURJHQHLW\ILQGLQJVGXHWRXQDFFRXQWHGEXGJHWFRQVWUDLQWHIIHFWVFRXOG14 
SRWHQWLDOO\OHDGWRVLJQLILFDQWELDVLQWKH977HVWLPDWLRQ:HDOVRK\SRWKHVL]HWKDWWUDYHOEXGJHW15 
FRQVWUDLQWVDUHODWHQWLQQDWXUHZKLFKDUHGLIILFXOWWRPHDVXUHZLWKRXWWKHXVHRIPRUH16 
FRPSOLFDWHGSUREDELOLVWLFFKRLFHVHWIRUPDWLRQPRGHOV,WLVWKXVXVHIXOWRH[DPLQHZKHWKHUQRQ17 
OLQHDUIXQFWLRQDOIRUPVFRXOGFDSWXUHWKHNLQNRIWUDYHOGLVXWLOLWLHVZKLFKFRXOGRFFXUZKHQ18 
VWULQJHQWEXGJHWFRQVWUDLQWVDUHDSSOLHG7KLVFRXOGSRWHQWLDOO\SURYLGHXVHIXOLQVLJKWVWR19 
UHVHDUFKHURQWKHSRVVLELOLW\WKDWSDUWLFXODUDWWULEXWHOHYHOVVHWRXWLQ6&GHVLJQVDUHEH\RQG20 
EXGJHWWKUHVKROGVIRUVRPHGHFLVLRQPDNHUV 21 
 $UGGHJUHHSRO\QRPLDOIXQFWLRQDOIRUPIRUWLPHVHQVLWLYLWLHVLVDGRSWHGIRUWHVWLQJWKH22 
XVHRIQRQOLQHDUIXQFWLRQDOIRUPVLQWKLVVWXG\0RGHOUHVXOWVVKRZWKDWWKHUGGHJUHH23 
SRO\QRPLDOIXQFWLRQDOIRUPVSURGXFHYHU\VLPLODUFRVWVHQVLWLYLWLHV//DQGߩଶ(LQ7DEOHDV24 
LQWKH01/PRGHOV$LQ7DEOHZKHQWKHDYDLODELOLWLHVRIDOWHUQDWLYHVDUHNQRZQWRWKH25 
DQDO\VW2YHUDOOLWDSSHDUVWKDWWKHUGGHJUHHSRO\QRPLDOIRUPVSHFLILHGIRUWLPHVHQVLWLYLWLHV26 
FROODSVHVWRDOLQHDUIRUPLQWKHXQELDVHGPRGHOVDVWKHHVWLPDWHGWLPHFRHIILFLHQWVIRUWKH27 
VHFRQGDQGWKLUGSRO\QRPLDOWHUPVDUHYHU\VPDOO7KHWUXH977RIKUHVWLPDWHGLQTXDGUDWLF28 
IRUPVDVGHVFULEHGLQ6HFWLRQLVUHWULHYHGDFURVVDOOOHYHOVRIWKHEXGJHWWKUHVKROGVDQG29 
DWWULEXWHOHYHOV 30 
 31 
%LDVHGSDUDPHWHUVZKHQWKHDYDLODELOLWLHVRIDOWHUQDWLYHVDUHXQNQRZQ 32 
0RGHOUHVXOWVHVWLPDWHGZKHQWKHDYDLODELOLWLHVRIDOWHUQDWLYHVDUHXQNQRZQWRWKHDQDO\VWDUH33 
VXPPDUL]HGLQVHW(LQ7DEOH7KH977HVWLPDWHVSURGXFHGE\WKHSRO\QRPLDOXWLOLW\34 
IXQFWLRQDOIRUPVDUHVKRZQWREHKLJKO\VHQVLWLYHWRWKHDWWULEXWHOHYHOVRIWKHWUDYHOWLPHDV35 
RSSRVHGWRWKH977HVWLPDWHVLQXQELDVHGPRGHOVWKDWDUHVWDEOHDFURVVDWWULEXWHOHYHOV)RU36 
LQVWDQFHZKHQWKHWLPHEXGJHWWKUHVKROGLVVHWDWPLQXWHVWKH977HVFDODWHVIURPKUWR37 
KUZKHQWKHMRXUQH\WLPHVLQFUHDVHIURPPLQXWHVWRPLQXWHVDVVKRZQLQ)LJXUH38 
7KHVHH[FHSWLRQDOO\KLJK977HVWLPDWHVVKRZWKDWUHVSRQGHQWVDUHKLJKO\XQOLNHO\WRFKRRVHWKH39 
DOWHUQDWLYHVZKHUHWUDYHOWLPHVSUHVHQWHGDUHEH\RQGWKHWLPHEXGJHWVDQGFRXOGEHFRPHXVHIXO40 
LQGLFDWRUVWRKLJKOLJKWWKHVLJQLILFDQWLPSDFWVRIWKHEXGJHWFRQVWUDLQWVRQWKH977YDOXDWLRQ 41 
1RZZHH[DPLQHZKHWKHUWKHIOH[LEOHXWLOLW\IXQFWLRQDOIRUPVFRXOGFDSWXUHWKHWDLORI42 
WKH977GLVWULEXWLRQVZKHUHWKHDWWULEXWHOHYHOVH[FHHGWKHWUDYHOEXGJHWVRIWKHUHVSRQGHQWV43 
)LJXUHDOVRVKRZVWKHXWLOLW\OHYHOVWKDWDUHUHODWHGWRWKHWUDYHOWLPHFRPSRQHQWVRQO\,WFDQEH44 
VHHQWKDWWKHWLPHGLVXWLOLWLHVLQFUHDVHVLJQLILFDQWO\RQO\ZKHQWLPHDWWULEXWHVSUHVHQWHGDUH45 
EH\RQGWKHEXGJHWWKUHVKROGV)RULQVWDQFHZKHQWLPHEXGJHWLVVHWDWPLQXWHVWKH46 
SRO\QRPLDOXWLOLW\IXQFWLRQSURGXFHVDVWDEOHXWLOLW\OHYHOIRUMRXUQH\VWKDWODVWEHWZHHQ47 
7MLRQJ+HVV'HNNHUDQG2MHGD&DEUDO 
 
 
 
PLQXWHVDQGPLQXWHV%H\RQGWKDWWKHWUDYHOWLPHGLVXWLOLWLHVLQFUHDVHVLJQLILFDQWO\DVWKH1 
WLPHDWWULEXWHYDOXHVH[FHHGWKHGHVLJQDWHGWLPHEXGJHWRIPLQXWHV7KLVLQGLFDWHVWKDWWKHXVH2 
RIWKHUGGHJUHHSRO\QRPLDOXWLOLW\IXQFWLRQFRXOGEHFRPHDFRQYHQLHQWDQGHIIHFWLYHDSSURDFK3 
WRGHWHFWWKHSRWHQWLDOEXGJHWFRQVWUDLQWHIIHFWVLQ6&GDWD 4 
 5 
7&21&/86,216 6 
7KLVSDSHUKDVVRXJKWWRSURYLGHDGHWDLOHGDVVHVVPHQWRIWKHLPSDFWRIWLPHEXGJHWFRQVWUDLQWV7 
RQWKH977HVWLPDWHVDQGWKHLGHQWLILFDWLRQRISUHIHUHQFHKHWHURJHQHLW\ZKHQH[SOLFLWPRGHOOLQJ8 
RIFKRLFHVHWIRUPDWLRQLVQRWLQYROYHG:HILUVWVKRZWKDWLIWLPHEXGJHWVDUHVWULQJHQWEXWQRW9 
DFFRXQWHGIRU977FDQEHVLJQLILFDQWO\RYHUHVWLPDWHG6HFRQGO\WKLVSDSHUKDVSURYLGHGD10 
FRPSUHKHQVLYHVHWRIHPSLULFDOHYLGHQFHWRXQGHUVWDQGWKHFRQIRXQGLQJLPSDFWRQSUHIHUHQFH11 
KHWHURJHQHLW\ILQGLQJVGXHWRWKHXQDFFRXQWHGEXGJHWFRQVWUDLQWHIIHFWVDFURVVDUDQJHRIWLPH12 
EXGJHWVWULQJHQF\,WLVIRXQGWKDWWKH001/PRGHOIDLOVWRFDSWXUHDQ\SUHIHUHQFH13 
KHWHURJHQHLW\DQGFROODSVHVWRD01/PRGHOZKHQWKHWUDYHOEXGJHWLVYHU\ELQGLQJZLWKLQD14 
ELQDU\FKRLFHDQGGHWHUPLQLVWLFDOWHUQDWLYHHOLPLQDWLRQVHWWLQJ:HDOVRIRXQGWKDWWKH001/15 
PRGHOFRXOGDOVRZURQJO\DWWULEXWHWKHLPSDFWVRIWKHPL[HGWLPHEXGJHWFRQVWUDLQWVWRWKH16 
ILQGLQJVRISUHIHUHQFHKHWHURJHQHLW\ 17 
 :HIRXQGWKDWLQFOXGLQJDQRSWRXWDOWHUQDWLYHFRXOGSRWHQWLDOO\KHOSUHWULHYHVRPHEXW18 
QRWDOOSUHIHUHQFHKHWHURJHQHLW\XQGHUWKHSUHVHQFHRIEXGJHWFRQVWUDLQWV2XUILQGLQJVIURPWKLV19 
VWXG\DOVRUDLVHVRPHIXUWKHUTXHVWLRQV)LUVWWKHTXHVWLRQDULVHVZKHWKHUWKHFRQIRXQGLQJLVVXH20 
DOVRRFFXUVDWWKHQRQFRPSHQVDWRU\VWDJHRIWKHFKRLFHVHWIRUPDWLRQPRGHOVHJWKH0DQVNL21 
W\SHPRGHOV6HFRQGKRZFDQZHGLVHQWDQJOHWKHFRQIRXQGLQJHIIHFWVXVLQJUHDOOLIH6&GDWD22 
7KLUGWKHUHLVDQHHGIRUDFRPSDUDWLYHDQDO\VLVWRDVVHVVWKHGLIIHUHQFHVEHWZHHQWKHVLQJOH23 
VWDJHVHPLFRPSHQVDWRU\PRGHOIRUDSSUR[LPDWLRQRIFRQVWUDLQHGFKRLFHVHWVHJWKH24 
FRQVWUDLQHGPXOWLQRPLDOORJLWPRGHODQGWKHVLPSOHQRQOLQHDUIXQFWLRQDOIRUPVJLYHQWKDW25 
VLPSOHQRQOLQHDUIXQFWLRQVFRXOGSRWHQWLDOO\FDSWXUHWKHNLQNRIWKHWLPHVHQVLWLYLWLHVZKHQ26 
VXEMHFWWRELQGLQJEXGJHWFRQVWUDLQWV 27 
,WVKRXOGEHQRWHGWKDWLIWKH6&VXUYH\VDGHTXDWHO\FDSWXUHUHVFKHGXOLQJE\DOORZLQJ28 
UHVSRQGHQWVWRWUDGHWUDYHOWLPHDQGFRVWGLIIHUHQFHVDJDLQVWUHWLPLQJRIWKHLUGHSDUWXUHDQGRU29 
DUULYDOWLPHVWKHQPDQ\RIWKHVHDIRUHPHQWLRQHGLVVXHVFRXOGEHDYRLGHGRUDWOHDVWUHGXFHGFI30 
:KLOHWKHUHDUHPDQ\977VWXGLHVWKDWKDYHDQDO\VHGWKHLPSDFWRIWULSUHVFKHGXOLQJPRVW31 
DSSUDLVDO977PHDVXUHVIRUQDWLRQDORUUHJLRQDOLQIUDVWUXFWXUHSURMHFWVDUHHVWLPDWHGZLWKRXW32 
WDNLQJLQWRFRQVLGHUDWLRQWKHSRVVLELOLW\RIWULSUHVFKHGXOLQJ,QWKLVFRQWH[WZHTXHVWLRQ33 
ZKHWKHUVXFKDSSURDFKHVHVSHFLDOO\IRUWKHVWXGLHVZKLFKUHO\RQVLPSOHWLPHPRQH\WUDGHRIIV34 
FRXOGDYRLGRUUHGXFHDQ\SRWHQWLDOELDVRQWKH977HVWLPDWHVWKDWPLJKWUHVXOWIURP35 
XQDFFRXQWHGIRUWUDYHOEXGJHWLPSDFWV 36 
 7KLVVWXG\UHSUHVHQWVDNH\VWHSIRUH[WHQGLQJRXUNQRZOHGJHRIWKHLPSDFWRIEXGJHW37 
FRQVWUDLQWV)XWXUHH[WHQVLRQVWRWKHVLPXODWLRQZRUNZRXOGLQFOXGHYDU\LQJQXPEHURIDWWULEXWH38 
DQGDOWHUQDWLYHVHQDEOLQJPXOWLSOHEXGJHWFRQVWUDLQWVDQGGLIIHUHQWGHFLVLRQVWUDWHJLHVGHDOLQJ39 
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7$%/(±(VWLPDWLRQUHVXOWVIRUOLQHDUWLPHDQGIL[HGWLPHEXGJHWLQ'*3 1 
 2 
Budget 
Threshold 
(min) 
ȡ2 LL ɴt  ɴc VTT (£/hr) 
Mean t-stat SD t-stat Est t-stat Mean SD 
A1 - UNBIASED 
DGP: Fixed Time Budget - Linear Time - Fixed ɴt 
EST: Fixed Time Budget - Linear Time - Fixed ɴt (MNL) 
75 0.21  -0.075 31.1 - - -0.905 31.6 4.99 - 
70 0.30  -0.075 26.7 - - -0.896 29.4 5.00 - 
65 0.40  -0.075 22.5 - - -0.900 26.7 4.99 - 
60 0.51  -0.075 18.0 - - -0.899 23.9 5.00 - 
55 0.63  -0.076 13.7 - - -0.905 20.7 5.03 - 
B1 - UNBIASED 
DGP: Fixed Time Budget - Linear Time - Random ɴt  
EST: Fixed Time Budget - Linear Time - Random ɴt (MMNL) 
75 0.19   61.4  14.3 -0.899 29.0 5.02 2.50 
70 0.29   54.0  12.5 -0.903 27.2 5.02 2.52 
65 0.40   46.3  10.0 -0.908 24.9 5.04 2.46 
60 0.51   37.8  7.6 -0.897 22.3 4.98 2.47 
55 0.62   28.9  5.2 -0.900 19.1 5.03 2.47 
A2 - BIASED 
DGP: Fixed Time Budget - Linear Time - Fixed ɴt  
EST: Fixed Time Budget - Linear Time - Fixed ɴt (MNL) 
75 0.21  -0.075 31.1 - - -0.901 31.4 5.01 - 
70 0.24  -0.090 34.2 - - -0.917 31.8 5.88 - 
65 0.29  -0.108 37.2 - - -0.932 32.0 6.94 - 
60 0.36  -0.130 38.9 - - -0.941 31.1 8.31 - 
55 0.45  -0.157 38.9 - - -0.914 28.5 10.31 - 
B2 - BIASED 
DGP: Fixed Time Budget - Linear Time - Random ɴt  
EST: Fixed Time Budget - Linear Time - Random ɴt (MMNL) 
75 0.19   61.5  14.2 -0.900 29.2 5.01 2.5 
70 0.22   70.8  10.5 -0.906 29.6 5.90 1.9 
65 0.27   75.6  5.7 -0.904 29.7 7.01 1.2 
60 0.35   76.5  0.8 -0.899 29.7 8.40 0.3 
55 0.44   71.5  0.5 -0.890 28.2 10.40 0.0 
 3 
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7$%/(±(VWLPDWLRQUHVXOWVIRUOLQHDUWLPHDQGPL[HGWLPHEXGJHWLQ'*3 1 
 2 
Budget 
Threshold 
(min) 
ȡ2 LL ɴt ɴc VTT (£/hr) 
Mean t-stat SD t-stat Est t-stat Mean SD 
C1 - UNBIASED 
DGP: Mixed Time Budget (50-50%) - Linear Time - Fixed ɴt  
EST: Mixed Time Budget (50-50%) - Linear Time - Fixed ɴt (MNL) 
75 & 65 0.30  -0.075 27.2 - - -0.900 29.3 4.99 - 
70 & 60 0.41  -0.075 22.9 - - -0.894 26.7 5.01 - 
65 & 55 0.51  -0.074 18.7 - - -0.898 24.1 4.97 - 
60 & 50 0.62  -0.075 14.7 - - -0.901 21.1 4.98 - 
55 & 45 0.74  -0.075 10.6 - - -0.898 17.3 4.98 - 
D1 - UNBIASED 
DGP: Mixed Time Budget (50-50%) - Linear Time - Random ɴt  
EST: Mixed Time Budget (50-50%) - Linear Time - Random ɴt (MMNL) 
75 & 65 0.29   54.7  12.4 -0.904 27.2 5.02 2.5 
70 & 60 0.40   47.1  10.2 -0.905 25.0 4.98 2.5 
65 & 55 0.51   38.5  8.3 -0.898 22.4 4.99 2.5 
60 & 50 0.62   31.1  5.7 -0.896 19.6 5.03 2.4 
55 & 45 0.73   23.5  5.2 -0.905 16.3 4.97 2.5 
C2 - BIASED 
DGP: Mixed Time Budget (50-50%) - Linear Time - Fixed ɴt  
EST: Mixed Time Budget (50-50%) - Linear Time - Fixed ɴt (MNL) 
75 & 65 0.24  -0.089 33.2 - - -0.895 31.6 5.95 - 
70 & 60 0.28  -0.104 35.1 - - -0.892 31.2 7.03 - 
65 & 55 0.35  -0.124 36.7 - - -0.877 29.7 8.49 - 
60 & 50 0.42  -0.144 37.0 - - -0.819 26.9 10.58 - 
55 & 45 0.51  -0.165 36.1 - - -0.684 21.0 14.49 - 
C3 - BIASED  
(MISSPECIFIED) 
DGP: Mixed Time Budget (50-50%) - Linear Time - Fixed ɴt  
EST: Mixed Time Budget (50-50%) - Linear Time - Random ɴt (MMNL) 
75 & 65 0.24   77.3  5.0 -0.920 30.4 5.95 0.9 
70 & 60 0.28   75.9  5.0 -0.922 29.8 7.07 1.0 
65 & 55 0.35   71.4  5.4 -0.906 28.3 8.53 1.3 
60 & 50 0.42   63.7  5.9 -0.858 25.7 10.69 1.8 
55 & 45 0.51   51.8  6.5 -0.736 20.2 14.70 3.0 
D2 - BIASED 
DGP: Mixed Time Budget (50-50%) - Linear Time - Random ɴt  
EST: Mixed Time Budget (50-50%) - Linear Time - Random ɴt (MMNL) 
75 & 65 0.22   66.2  13.6 -0.909 29.5 6.04 2.4 
70 & 60 0.27   70.0  11.3 -0.910 29.5 7.17 2.1 
65 & 55 0.34   67.8  9.7 -0.902 28.0 8.66 2.0 
60 & 50 0.42   61.6  8.7 -0.859 25.7 10.86 2.4 
55 & 45 0.51   51.2  7.5 -0.737 20.2 14.90 3.4 
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7$%/(±(VWLPDWLRQUHVXOWVIRULQFOXVLRQRIWKHRSWRXWDOWHUQDWLYH 1 
 2 
Budget 
Threshold 
(min) 
ȡ2 LL  ɴt ɴc VTT (£/hr) 
ASC for Opt-
out Option 
Mean t-stat SD t-stat Est t-stat Mean SD Est t-stat 
B1 ± UNBIASED 
(W/ OPT-OUT) 
DGP: Fixed Time Budget - Linear Time - Random ɴt  
EST: Fixed Time Budget - Linear Time - Random ɴt (MMNL) 
75 0.23   65.1  20.2 -0.902 34.5 5.00 2.50 -9.027 -36.7 
65 0.31   52.5  18.1 -0.903 32.2 5.01 2.52 -9.028 -32.5 
60 0.35   46.0  16.8 -0.899 31.0 5.03 2.52 -9.002 -30.2 
55 0.39   39.5  15.3 -0.899 30.0 5.00 2.52 -8.988 -28.2 
B2 ± BIASED 
(W/ OPT-OUT) 
DGP: Fixed Time Budget - Linear Time - Random ɴt  
EST: Fixed Time Budget - Linear Time - Random ɴt (MMNL) 
75 0.23   65.1  20.4 -0.901 34.7 5.03 2.5 -9.01 -36.9 
65 0.24   80.9  20.3 -0.929 35.5 6.82 2.1 -10.36 -40.3 
60 0.26   84.5  20.2 -0.927 35.2 8.05 2.1 -11.05 -41.6 
55 0.29   83.1  19.3 -0.902 33.2 9.68 2.1 -11.67 -41.1 
 3 
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7$%/(±(VWLPDWLRQUHVXOWVIRUOLQHDUWLPHDQGIL[HGWLPHEXGJHWLQ'*3EXWHVWLPDWHG1 
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 3 
Budget 
Threshold 
(min) 
ȡ2 LL 
ɴt ɴc 
VTT 
(£/hr) ɴt1 ɴt2 ɴt3 Est t-stat 
Est t-stat Est t-stat Est t-stat 
E1 - UNBIASED 
DGP: Fixed Time Budget - Linear Time - Fixed ɴt 
EST: Fixed Time Budget - Non-linear Time (3rd-degree polynomials) - Fixed ɴt (MNL) 
75 0.21  -0.162 8.1 0.0017 8.8 ( 45.98 -0.901 29.9 4.79 
70 0.30  -0.129 4.8 0.0012 6.4 ( 39.07 -0.896 28.3 4.86 
65 0.40  -0.087 2.8 0.0002 4.4 ( 27.19 -0.905 26.3 4.96 
60 0.51  -0.116 1.6 0.0009 1.8 ( 8.92 -0.902 23.7 4.92 
55 0.62  -0.021 2.4 -0.0013 5.5 ( 5.95 -0.898 20.7 4.95 
E2 - BIASED 
DGP: Fixed Time Budget - Linear Time - Fixed ɴt 
EST: Fixed Time Budget - Non-linear Time (3rd-degree polynomials) - Fixed ɴt (MNL) 
75 0.21  -0.164  0.0018 8.2 ( 44.5 -0.901 30.1 4.78 
70 0.27  -0.914  0.0187 606.5 ( 174.9 -0.844 28.0 2.65 
65 0.37  -1.486  0.0325 256.4 ( 343.6 -0.840 26.0 1.80 
60 0.48  -2.330  0.0538 984.8 ( 187.0 -0.834 23.5 1.89 
55 0.60  -3.933  0.0957 273.7 ( 490.4 -0.852 21.2 4.78 
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